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571 ABSTRACT

An input circuit has at least an enhancement type first
MISFET incorporated between an input terminal and a
power supply terminal for the input circuit. A gate
electrode of the first MISFET is connected to the
power supply terminal, and at least a second MISFET
is incorporated between the input terminal and a gate
electrode of a third MISFET constituting the mput
circuit. A gate electrode of the second MISFET is
connected to the power supply terminal, whereby the

dielectric breakdown of the gate of the third MISFET
is prevented.

357/41; 340/365 E, 365 S; 445/1 6 Claims, 2 Drawing Figures
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1 :
INPUT CIRCUIT
The present application is a Continuation of appllca-

tion Ser. No. 643,771, filed Dec. 23, 1975, now aban-
doned.

_BACKGROUND OF THE INVENTION
' " Field of the Invention

This invention relates to an input circuit. More partic-
ularly, it is directed to an input circuit of a large-scale
integrated circuit (hereinafter termed “LSI”’) which is
composed of insulated gate field-effect transistors (here-
inbelow termed “MISFETSs”)

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a circuit diagram showing an embodiment
of the invention, while FIG. 2 is a circuit diagram of a
key input circuit of an electronic desk top calculator
formerly proposed by the inventors of the present appli-
cation.

DESCRIPTION OF THE PRIOR ART

In general, a small-sized electronic desk top calcula-
tor has its control circuit constructed of an MISLSI.

A circuit for driving a numerical display device in a
small-sized electronic desk top calculator requires a
high voltage output and, therefore, has not been fabri-
~cated as an LSI. With the progress of semiconductor
integrated circuit technology, it has become possible to
build up within an LSI a numerical display circuit re-
quiring a high voltage output.

However, a new problem has arisen. In an electronic

desk top calculator, an output signal of the display de-

vice must sometimes be employed as an input from a
variety of functional requests, for example, the necessity
for diminishing the number of external lead-out termi-
nals. Since, in the past, the output signal level of the
MISLSI was small, it offered no problem to directly
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- ascribable to a high amplitude signal level (30-35V or

2

s0) to be delivered to the numeral display device 2 must
be prevented without exerting any influence on the
signal level.

_ SUMMARY OF THE INVENTION
-This invention has been made in order to solve the

~ above problem, and has for its object to provide an

10

input circuit which does not lower a high amplitude
signal level to be impressed on a MISLSI and which

- lowers the high amplitude signal level only within the
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apply the signal as an input. However, where the output 40

signal has a high voltage signal level as described above

a problem such as the dielectric breakdown of the gate

of an input MISFET takes place.

As a concrete example of employing the dnvmg out-
put for the numeral display device as the input signal,
there is one to be explained below.

In order to simplify a key input circuit for an elec-

45

tronic desk top calculator, the inventors of the present

application have formerly invented a key input circuit
which dispenses with an encoder circuit for transform-
ing a key input signal into a binary code as has hitherto
been required. As is shown in FIG. 2, gate circuits
(1-(4 are controlled by a key input which is synchro-
nized with a digit signal the output of a semiconductor
integrated circuit 1 and serving to drive a numerical
display device 2, and a count pattern of a digit counter
circuit 4 as passed through the gate circuits G1-Gy is
loaded into an input buffer register 6 as a key input
pattern.

Numeral § designates a decoder circuit for formlng
the digit signal, and symbols DR1—DR,, indicate high
voltage output circuits.

In the key input circuit, the signal received through a
key switch 3 1s the digit signal for driving the numerical
display device and therefore becomes the high voltage
signal as explained previously. Regarding an input cir-
cuit 7 on which the signal is to be impressed, accord-
ingly, the gate destruction of a constituent MISFET
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MISLSI. |
The fundamental construction of this invention for
accomplishing the object is characterized in that at least
a first enhancement type MISFET is incorporated be-
tween an input terminal and a power supply terminal

for the input circuit, a gate electrode of the first MIS-

FET being connected to the power supply terminal,
and that at least a second MISFET is incorporated
between the input terminal and a gate electrode of a
third MISFET constituting the input circuit, a gate
electrode of the second MISFET being connected to
the power supply terminal.

DETAILED DESCRIPTION

FIG. 1 is a circuit diagram illustrative of an example
in the case where this invention is applied to an input
circuit of an electronic desk top calculator. Detailed
illustrations of an individual high voltage output circuit
DRi among the high voltage output circuits DR1-DRn
and the details of the input circuit 7, shown in FIG. 2,
referred to previously, are surrounded by broken lines
in FIG. 1.

In the event that a high amplltude signal 'V pisp
(30V-35V or so0) which is formed by MISFETs M5 and
Mg and which serves to drive a display device 2 is again
recetved as an input at an input terminal IN through a
key switch 3, the high amplitude signal is lmpressed on
-a driving MISFET M., constituting the mput circuit,
through the circuit to be described below, in order to
prevent dielectric breakdown of the gate of the driving
MISFET M4 of the input circuit attributable to the high
amplitude signal.

Between the input terminal IN to which the high
amplitude signal is impressed and a terminal Vgg of a
low supply voltage (14 V or so) for the input circuit, an
enhancement type MISFET M and a resistance Rj are
connected in series, the gate electrode of the MISFET
M| being connected to the supply terminal Vgg. Be-
tween the input terminal IN and the gate electrode of
the driving MISFET M4 of the input circuit, a resis-
tance R, and a MISFET M; are connected in series, the
gate electrode of the MISFET M; being connected to
the supply terminal Vgg. MISFET M3 is connected
between MISFET M4 and power supply terminal V pp,
the gate electrode of MISFET M3 being connected to
power supply terminal Vgg.

The resistance Rj and R connected in series with the
respective MISFETs M; and M3 are provided in order
to protect the MISFETs M and M; from dielectric gate
breakdown. The resistances may have a value of ap- |
proxlmately 1 kQ-2k(2, and can be made up as diffused
regions within a single semiconductor substrate by im-
purity diffusion at the same time as the step of diffusing
and forming the sources and drains of the MISFETs.

- The MISFET M; may be either of the enhancement

type or of the depletion type.
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With an input circuit of the above construction, when
a high level signal is applied to the input terminal IN,
the input side electrode (usually acting as the source

electrode) of the MISFET M;j receives a signal of a
level greater than that of the power supply side elec-
trode (usually acting as the drain electrode), and the
electrodes act conversely. That is, the input side be-
comes the drain electrode and the power supply side the
source electrode at this time. Since the source and the
gate are accordingly at the same potential, the MISFET
M turns “off’ and permits no current to flow between
the high voltage power source and the low voltage
power source at this time. Thus, the voltage to be im-
pressed on the display device or the high output voltage
can be maintained. | |

'On the other hand, a voltage level to be applied to the
gate of the driving MISFET My of the input circuit
does not become greater than Vgg-Vii2 under the ac-
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tion of the MISFET M3 whose gate electrode receives

the low supply voltage Vgg. Here, V2 denotes the
threshold voltage of the MISFET M. In consequence,
when the MISFET M3 is a transistor of the enhance-
ment type, the above voltage becomes |IVeG-Vinz|,
while when it is a transistor of the depletion type, the
above voltage becomes |Vge+ Viz|. That is, the volt-
age level which is impressed on the gate of the MIS-
FET My is determined only by the supply voltage and
the threshold voltage of the MISFET M. Thus, no
high voltage is impressed on the gate electrode of the

driving MISFET My, and dielectric gate breakdown of 30

the MISFET My is preventable.
" The MISFET M; also functions to determine the

voltage level which is impressed on the driving MIS-
FET M4 when the key switch 3 is “off”.

This invention is not restricted to the foregoing em-
bodiment, but it can adopt various aspects of perfor-

- mance.

By way of example, the resistances R and R for the
protection of the MISFETs M; and M to which the
high voltage is applied may be externally-mounted re-
sistances instead of diffused resistances. It is needless to
say that, when gate insulation protection of the MIS-
FETs Mj and M> is not required, the protective resis-
tances Rj and R are unnecessary. | .

This invention can be extensively utilized, not only
for an electronic desk top calculator, but also for gen-
eral circuits in which a high amplitude signal level to be
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impressed on a MISLSI is not lowered and in which the
high amplitude signal level is lowered only within the
MISLSI. |

We claim: | .

1. In an input circuit for a MISFET integrated cir-
cuit, including at least an input terminal to which an .
input signal is applied, said input circuit comprising:

a first field effect transistor having a conduction path -

" between its source and drain coupled between said

input terminal and a power supply terminal to
which a voltage lower in absolute value than a high
voltage potential of said input signal is applied, and
having a gate to which is applied a voltage causing
said first field effect transistor to cut off when said
input signal is at said high voltage potential; and

a second field effect transistor having a conduction

~ path between its source and the drain coupled be- -

tween said input terminal and a gate of a third field

effect transistor and having a gate to which is ap-

plied a voltage lower in absolute~value than said

high voltage potential, to prevent said high voltage

potential from being applied to the gate of said
~ third field effect transistor. |

2. The input circuit according to claim 1, further -
comprising a first resistor and a second resistor, each
being coupled between said input terminal and the con-
duction paths of said first and second field effect transis-
tors, respectively. - o

3. The input circuit according to claim 1, in which a
signal source having said high voltage potential in one
state is coupled to said input terminal by way of a

~ switch, causing said input terminal to be electrically
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connected to said signal source in a closed state and to
be isolated from said signal source in an opened state.

4. The input circuit according to claim 3, in which.
said signal source comprises an output circuit of said
integrated circuit connected to an output terminal of the
same integrated circuit and also, being coupled to a
display device. o -. |

5. The input circuit according to claim 3, in which the
gate of said first field effect transistor is coupled to said
power supply terminal. '

6. The input circuit according to claim 5, in which the
gate of said second field effect transistor is coupled to -
said power supply terminal. |
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